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Abstract 
Background: Integrons are mobile genetic elements able to obtain the antibiotic resistance gene cassettes. The 
prevalence of integrons in the Enterobacteriaceae family has been varied and played an important role in the 
development of the drug resistant bacteria. The present study aimed to investigate the contribution of class 2 
and 3 integrons in drug resistant Diarrheagenic Escherichia coli strains. 
Materials and Methods: The 164 Diarrheagenic E. coli collected from feces samples of children in the Yasuj 
–Iran and all isolates were identified by standard biochemical tests. The antimicrobial susceptibility for 14 
antibiotics, which are used conventionally was determined by disk diffusion. The presence of class 2 and 3 
integrons in all isolates was investigated by PCR. 
Results: Of 164 E. coli isolates from children, 80.49% carried class 2 integron and the length of the 
amplicons ranged from 800 bp to 2 kb. Class 3 integrons were identified among 24 E. coli isolates. All the 
E.coli isolates were susceptible to imipenem and the greatest resistance was correspondent to nalidixic acid. 
A significant correlation was revealed between Class 2 integron and resistance to kanamycin, amikacin, 
gentamicin, ceftazidime, chloramphenicol and cephalexin. The presence of class 3 integron was significantly 
associated with resistance to ampicillin, gentamicin, streptomycin, kanamycin, tetracycline and 
trimetoprime-sulfametoxazol. 
Conclusion: The results indicated that integrons are widespread in Diarrheagenic E. coli and its carriage 
contributed significantly to the emergence of resistance among Diarrheagenic E. coli. However, factors leading 
to the wide spread of integrons are still to be determined. 
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Introduction 
Diarrheagenic Escherichia coli affect a large 
proportion of the population, particularly children
1
, 
six major classes of diarrheagenic E. coli (DEC) are 
recognized as being associated with diarrheal illness. 
They are enteropathogenic E. coli (EPEC), 
enterotoxigenic E. coli (ETEC), enterohemorrhagic E. 
coli (EHEC), enteroinvasive E. coli (EIEC), 
enteroaggregative E. coli (EAEC) and diffuse adhering 
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E. coli (DAEC)
2
, this bacteria are a major target of 
antimicrobial therapy. Increasing drug resistance 
among bacteria is therefore of great concern in global 
public health
3
. Resistance to antibiotics is widespread 
in bacterial isolates, particularly in developing 
countries
4
. The emergence of antibiotic resistance is 
a global health concern. Surveillance of antibiotic 
resistance genes in the community is necessary for 




The evolution of antimicrobial resistance in bacteria 
is a complex process involving a variety of different 
mechanisms. Some bacteria show a high natural 
resistance to specific antibiotics, while susceptible 
bacteria may achieve resistance by modification in 
their genome by mutations or the transfer of 




Integrons are a well-organized gene expression 
system that can capture, integrate one or more gene 
cassettes and convert them into functionally 
expressed genes. Integrons can transfer among 
different bacterial species easily because of their 
association with mobilizing elements such as 
transposons, plasmids or phages. Therefore, 
integrons are particularly adapted to transfer and 
disseminate antibiotic resistance as a result of their 




Integrons are widely dispersed among gram-negative 
isolates
12
. Integron distributions in E. coli have been 
recently studied in many countries. The prevalence of 




A common feature of all integrons is an integrase 
enzyme that can integrate gene cassettes. At least six 
classes of integron identified are well-known by their 
respective integrase genes
14
. Accordingly, three types 
of integrons, Class 1, 2 and 3 integrons, are known to 
be associated with antibiotic resistance
15
.  
These elements contain an intI gene encoding a site-
specific recombinase association to the integrase 
family and a recombination site attI. A gene cassette 
contain an open reading frame (ORF) and, at the 3′-
end, a recombination site attC. Integration of 
cassettes occurs by a site-specific recombination 
mechanism catalyzed by the integrase
14
. 
Class 2 integrons include a gene intI2. The intI2 gene 
is located 5′ to the first gene cassette and its gene 
product, has 46% homology with IntI1
14,16
. Class 2 
integrons are typically located in a unique site near the 
left end of the non-replicative transposon Tn7. Class 2 
integrons have been isolated from E. coli, Shigella 
sonnei, Salmonella enterica serovar Typhimurium, 
Proteus vulgaris, Proteus mirabilis, Providencia 




Class 3 integrons appear to be much less common in 
the spread of drug resistance. Class 3 integrons have 
been isolated from Serratia marcescens, Klebsiella 
pneumonia, Delftia spp., E. coli, Acinetobacter spp., 
Pseudomonas aeruginosa, Pseudomonas putida, 




 Only some studies have analyzed the frequency of 
occurrence of integrons, and the association between 
integron carriage and antimicrobial susceptibility in 
Iran. However, there is not enough information 
available on prevalence of class 3 integron and their 
association with drug resistance. To the best of our 
awareness, this study was to evaluate the prevalence of 
class 2 integron and describes the distribution of class 
3 integrons among diarrheagenic E. coli strains 
isolated from children less than 5 years in Iran and 
then to investigate associations between drug 
resistance and the existence of integrons. 
Methods 
Bacterial and clinical specimens: This descriptive 
cross – sectional study included 164 cases of 
Diarrheagenic E. coli strains obtained from four 
medical centers of Southwest Iran, in a period of five 
months from January to June 2012. Samples were 
feces of children under 5 suffering from diarrhea 
caused by E. coli. Bacteria were isolated and identified 
by standard bacteriological methods. Subsequently 
identified bacteria were transferred to tryptic soy broth 
containing 20% glycerol, and stored at -70°C as stock. 
Antibiotic susceptibility test: Antimicrobial 
susceptibility of all isolates was determined using the 
standard Kirby-Bauer disk diffusion method according 
to Clinical and Laboratory Standard Institute (CLSI) 
guidelines. Antibiotics used were included imipenem 
(10µg), Ceftazidime (30µg), Cefixime (5µg) (ROSCO, 
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Denmark), gentamicin (10µg), amikacin (30µg), 
ampicillin (10µg), chloramphenicol (30µg), 
tetracycline (30µg), streptomycin (10µg), 
nalidixicacid (30µg), trimethoprim–sulfamethoxazole 
(25µg), cephalexin (30µg), and kanamycin (30µg) 
(padtanteb, Iran). E. coli ATCC 25922 was used as 
the control strain. 
PCR amplification: Template DNA for PCR was 
prepared by boiling method and stored at -20°C
19
. In 
order to identify the isolates carrying class 2 
integron, the conserved region and variable regions 
of integron were amplified using IntI2-F/IntI2-R and 
attI-F/orfX-R pair primers (obtained from Cinna 
Gene Co.), respectively. Class 3 integron was 
detected using PCR with IntI3-F/IntI3-R primers 
designed for conserved regions of integron encoded 
integrase gene IntI3. Primer Sequences and PCR 
conditions are shown in Table I. 
The polymerase chain reaction was performed in 
25µl volumes. A tube containing PCR mixture 
without DNA template was used as a negative 
control. Amplicons were analyzed by conventional 
1% agarose gel electrophoresis in 1× TBE buffer and 
stained with ethidium bromide. 
DNA analysis: Chi-square test and Fisher's exact test 
were performed to calculate the relationship between 
antibiotic resistance and the presence of class 2 and 3 
integron, using SPSS software version 15. The 
significance level was considered P< 0.05. 
Results 
A total of 164 Diarrheagenic E. coli isolates was 
collected from fecal specimens obtained in four 
medical centers of Southwest Iran. Of the 164 
isolates tested, 35.7% (n=58) had been isolated from 
girls patients and 64.63% (n＝106) had been isolated 
from boys patients and According to the World 
Health Organization’s, assortment samples were 
divided in to 9 groups, where the majority of the 
patients were in the age group of 6-8 months. 
The antibiotic resistance results were surveyed and 
Percentage of resistance to antibiotics determined as 
follows: imipenem 0%, ceftazidime 28.05%, 
cefixime 63.41%, gentamicin 19.51%, amikacin 
14.63%, ampicillin 59.76%, chloramphenicol 6.10%, 
tetracycline 28.05%, streptomycin 46.34%, nalidixic 
acid 75.61%, trimethoprim–sulfamethoxazole 34.15%, 
cephalexin 26.83% and kanamycin 35.37%. Only 
1.22% of strains were fully susceptible to all tested 
antibiotics. The remaining strains were resistant to one 
or more antibiotics 
From total 164 E. coli isolates, 132 (80.49%) and 24 
(14.63%) isolates identified being positive for class 2 
and class 3 integrons, respectively (Figure I). The 
integron cassette region be amplified by PCR in 56 
(42.42%) of the class 2 integron-containing isolates 
and the length of the amplicons ranged from 800 to 
2000 bp (Figure II and Table II). The relationship 
between antibiotic resistance and class 2 integron is 
shown in Table III. 
The incidence of class 3 integron among diarrheagenic 
Eschericha coli isolates from stool collected in this 
study is shown in Table IV. Drug resistance to 
ampicillin, gentamicin, streptomycin, kanamycin, 
tetracycline, and trimetoprime-sulfametoxazol with the 
Table 1: Primer sequences and PCR conditions. 
PCR conditions Oligonucleotide sequence (5’ to 3’) Primer 
1 cycle of 12 min 
at 94°C; 
30 cycles of 30 s 
at 94°C, 30 s at 
62°C, 1 min at 
72°C; 1 cycle of 
8 min at 72°C 
CAC GGA TAT GCG ACA AAA AGG 
T 
IntI2-F 
GTA GCA AAC GAG TGA CGA AAT 
G 
IntI2-R 
1 cycle of 12 min 
at 94°C; 
35 cycles of 1 
min at 94°C, 1 
min at 58°C, 3.5 
min at 72°C; 1 
cycle of 10 min at 
72°C 
 
GAC GGC ATG CAC GAT TTG TA 
 
attI2-F 
GAT GCC ATC GCA AGT ACG AG orfX-R 
1 cycle of 12 min 
at 94°C; 
32 cycles of 1 
min at 94°C, 1 
min at 60°C, 1 
min at 72°C; 1 
cycle of 8 min at 
72°C 
5’-AGT GGG TGG CGA ATG AGT G -
3’ 
IntI3-F 




Table 2: Sizes of variable regions of integron class 2 
cassettes in intI2 positive isolates. 




800 14 (10.61) 
1300 2 (1.51) 
1500 6 (4.54) 
2000 34 (25.76) 
Without PCR product 76 (57.58) 
Total no. of intI2 positive isolates 132 (100) 
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presence of class 3 integron was statistically 
significant (Table IV). Also, Class 3 integron 
distribution analysis by age group showed a 
significant correlation between the age group of 6-8 
months and the class 3 integron (p= 0) (Figure III). 
Discussion 
According to previous studies, regardless of the 
antibiotic consumption pattern, antibiotic resistant 
gene can be passed among bacterial populations by 
movable elements such as the integron
20
. In this 
study, the highest antibiotic resistance rates in 
Escherichia coli isolates corresponds to nalidixic 
acid (75.61%) and the lowest resistance to imipenem 
(0%). Similar results were observed in Razaghi et 
al
21
 study, but on the contrary, Phongpaichit et al
22
 
reported a 27% resistance to nalidixic acid. In 
addition Japoni et al
23
. published resistance rates of 
57.5% to Tetracycline, 48% to Cotrimoxazole, 8.5% 
to Amikacin, 36% to Nalidixic acid, 18% to 
Gentamicin and 18% to chloramphenicol, in southern 
Iran. The difference in the percentage of resistance in 
different parts of the world is due to differences in 
the prevalence of antibiotic consumption in each 
country. 
According to Japoni’s surveys by PCR-RFLP 
technique, class 2 integrone were present in 6.7% of 
E. coli strains
23
, it is while amongst total collected 
isolates of E. coli strains in this study, 80.49% were 
positive for class 2 integron. In addition class 2 
integron prevalence in the present study, was much 
higher than bakhshi’s
24
 research, in which, reported an 
occurrence of 14.2%, class 2 integron in 
Enteropathogenic strains of Diarrheagenic E. coli in 
children under 5 years in Iran. In addition, in 42.42% 
of the samples, variable gene cassettes of 800 to 2000 
bp sequences were observed. Similar results were also 
obtained by bakhshi et al
24,25
. Confirming previous 
studies, resistant to cephalexin, gentamicin, 
chloramphenicol, ceftazidime, kanamycin, and 
amikacin was associated with class 2 integron
10,16
. In 
respect to the results from antibiotic resistance gene 
cassette bearing isolates in this study (Table III), it can 
be remarked that resistance to Gentamicin, 
 
 
Figure 1. A) PCR amplicons of class 2 integrons. M: size marker 100 bp, line 1-3: IntI2 (788 bp), line 4: negative control B) PCR amplicons 




Figure 2. PCR amplicons of class 2 integrons gene cassette. 
M: size marker 1 kb, line 1: gene cassette (800 bp), line 2: 
negative control, line 3, 4: gene cassette (2000 bp). 
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Chloramphenicol, Kanamycin and Amikacin could 
be due to the existence of resistance genes in class 2 
integron, while the significant correlation between 
the presence of integron and resistance to Cephalexin 
and Ceftazidime could be explained by genetic 
association of  integrones with tranposones or 
conjugative plasmids, since isolates resistant to these 
two antibiotics contained less gene cassettes. 
In some studies, variable region primers are used to 
identify the class 2 integron, however, our PCR 
results using variable region specific primers showed 
that in some strains despite having the integrase 
gene, no gene cassette could be detected. 
Accordingly, the differences in PCR results of 
integron identification in the samples could be 
explained by the fact that the class 2 integrase gene 
(intI2) contains an early stop codon resulting in 
truncation form of the enzyme. The resultant integrase 




The first class 3 integron was discovered in the 
Serratia marcescens isolated from patient with UTI in 
























showed that there is no class 3 integron in E. coli 
samples. Unlike other studies, present investigation 
Table 3: The association between antibiotic resistance and integron existence in isolates. 
Antibiotics No. (%) of resistant 
isolates without 
genes cassettes 
No. (%) of resistant 
isolates with gene 
cassettes 
Resistant 
isolates No. (%) 
of total 
Association of 
resistance with gene 
cassettes 
Ampicillin 62 (37.80) 36 (21.95) 98 (59.76) P = 0.394 
Gentamicin 10 (6.09) 22 (13.41)
 32 (19.54) P = 0d 
Amikacin 8 (4.88) 16 (9.76)
 24 (14.63) P = 0.000d 
Chloramphenicol 2 (1.22) 8 (4.88)
 10 (6.10) P = 0.002c 
Tetracycline 26 (15.85) 20 (12.20) 46 (28.05) P = 0.116 
Streptomycin 44 (26.83) 32 (19.51) 76 (46.34) P = 0.056
 
Nalidixicacid 82 (50) 42 (25.61) 124 (75.61) P = 0.896 
Trimethoprim–
sulfamethoxazole 
32 (19.51) 24 (14.63) 56 (34.15) P = 0.090 
Cephalexin 22 (13.41) 22 (13.41)
 44 (26.83) P = 0.010c 
Kanamycin 32 (19.51) 26 (15.85)
 58 (35.37) P = 0.033b 
Ceftazidime 38 (23.17) 8 (4.88)
 46 (28.05) P = 0.005c 
Imipenem 0 (0) 0 (0) 0 (0) -
a 
Cefixime 72 (43.90) 32 (19.51) 104 (63.41) P = 0.230 
a. No statistics are computed 
b. At the 5% 
c. At the 1% 
d. At the 0.001% 
 
Table 4: Antibiotic sensitivity of E. coli isolated and correlation with class 3 integron. 





Ampicillin 98 (59.75) 24 (14.63) 0* 
Nalidixic acid 124 (75.61) 14 (8.54) 0.061 
Sulfamethoxazole-
trimethoprim 
56 (34.14) 14 (8.54) 0.013* 
Gentamicin 32 (19.51) 12 (7.32) 0* 
Cefalexin 44 (26.83) 10 (6.10) 0.127 
Tetracycline 46 (28.05) 14 (8.54) 0.001* 
Streptomycin 76 (46.34) 18 (10.98) 0.005* 
Kanamycin 58 (35.36) 16 (9.76) 0.001* 
Chloramphenicol 10 (6.10) 2 (1.22) 0.642 
Amikacin 24 (14.64) 6 (3.66) 0.127 
Ceftazidime 46 (28.05) 4 (2.44) 0.224 
 
 
0 (0) 0 (0) -a 
Cefixime 104 (63.41) 14 (8.54) 0.741 
*
: significant values 
a) No statistics are computed 
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revealed 24/164 (14.63%) of E. coli isolates harbored 
class 3 integrons. 
Previous studies showed that Class 3 integron, 
possess resistance genes for chloramphenicol, 
kanamycin and ESBLs. Also Poirel et al.
31
 reported 
that class 3 integrase, sharing 60% amino acid 
identity with the class 1 integrase and carried the 
gene coding for resistance to beta-lactams. In this 
study, a significant relationship was found between 
class 3 integron and resistance to kanamycin, 
streptomycin, tetracycline, gentamicin, ampicillin 
and Trimethoprim-sulfamethoxazole. Furthermore, 
using statistical analysis, a significant relationship 
was identified between class 3 integron and the age 
group of 6-8 months, while most of the studies did 
not specify any age range for the prevalence of 
integrons and showed that the high incidence of 
integrons is largely dependent on several factors such 
as hospitalization and the antibiotic pattern of usage. 
Conclusion 
The high prevalence of class 2 integron and antibiotic 
resistance genes in this study indicates a serious 
threat to the treatment of infectious diseases, in the 
future. Therefore, in order to control bacterial 
resistance and prevent the spread of integrons, 
necessary measures must be adopted. Moreover, 
considering the mentioned conclusions it can be 
suggested that integrase gene mutations should be 
studied among variable region amplification negative 
strains in future researches, and, further investigation 
of integron prevalence and its association with 
resistance to other antibiotics in specific age groups, 
is essential. Integrons appeared to contain one of the 
common features of multidrug-resistant E. coli isolates 
in Iran. The appearance of the class 3 integron and its 
relationship to drug resistance in this study, represents 
a serious threat to the spread of antimicrobial 
resistance which caused health problems. Therefore, 
the molecular surveillance, sequencing and prevent the 
effluence of a class 3 integron in other parts of the 
country is recommended. 
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